Introduction {#sec1}
============

Asthma is a common, chronic disease that causes respiratory symptoms in children and adults. Airway inflammation and airflow limitation causes various symptoms, such as wheezing, breathlessness, chest tightness, and coughing. The treatment of asthma involves risk reduction and symptom control, and the need for asthma medication is determined according to asthma severity.[@bib1] A stepwise approach is used for asthma treatment: initially, regular low-dose inhaled corticosteroids (ICS) are administered to reduce the frequency and severity of asthma symptoms. If the symptoms worsen, short- or long-acting β~2~ agonists (SABA or LABA, respectively) or short- or long-acting muscarinic receptor agonists (SAMA or LAMA, respectively) are administered in combination with ICS.

Dental caries is a common chronic disease in the pediatric population. The Taiwan National Institutes of Health (NIH) reported that from 1999 to 2004, 42% of children aged 2--11 years had dental caries in their primary teeth.[@bib2] In 2011, the prevalence of caries in children aged 5--6 years in Taiwan was approximately 79.32% (Health Promotion Administration, Ministry of Health and Welfare, Taiwan). A study of British school children reported that those with asthma had significantly greater tooth decay.[@bib3] However, a similar study of Mexican children did not identify any associations.[@bib4] Thus, the correlation of dental caries with asthma in children remains debatable. The aim of the present study was to use the National Health Insurance (NHI) database to investigate the correlation between asthma medications and dental caries among children in Taiwan. The caries prevalence and severity were compared between children with and without asthma. The effects of different asthma medications on dental caries were also compared.

Methods {#sec2}
=======

Data source {#sec2.1}
-----------

The National Health Insurance (NHI) is a single-payer mandatory universal social insurance program that covers over 99% (approximately 23 million) of the Taiwanese population.[@bib5] We obtained data from the National Health Insurance Research Database (NHIRD), which comprises comprehensive administrative and claims data. The Longitudinal Health Insurance Database (LHID) 2010 was used in this retrospective cohort study to examine the correlation between asthma and dental caries in children. LHID2010 is a representative subset of NHIRD that was established by randomly selecting one million NHI beneficiaries from all NHI beneficiaries enrolled in the year 2010. Ethical approval was obtained from the Institutional Review Board of Taichung Veterans General Hospital (CE18264A).

Study population {#sec2.2}
----------------

The study population were children aged 0--9 years old with or without asthma, identified from the LHID 2010; all data for this cohort during 1996--2011 was extracted from the NHIRD.[@bib6] Children with newly diagnosed asthma were defined as those who had International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes of 493 and received the asthma treatments (i.e., ICS, LABA, SABA, LAMA, or SAMA) for at least three clinic visits or  one hospital admission during 2000 and 2006 ([Fig. 1](#fig1){ref-type="fig"}). Children who developed dental caries before their first diagnosis of asthma (index date) were excluded.Figure 1The selection process of the study population. ICS, inhaled corticosteroids; LABA, long-acting β~2~ agonists; LAMA, long-acting muscarinic antagonists; LHID, Longitudinal Health Insurance Database; SABA, short-acting β~2~ agonists; SAMA, short-acting muscarinic antagonists.Figure 1

We selected the matched comparison group from children aged between 0 and 9 years old who did not have any history of asthma. The exclusion criteria were children diagnosed with asthma who received anti-inflammatory drugs or bronchodilator agents. Children who took anti-inflammatory drugs or bronchodilator agents were excluded because these patients might have other allergic diseases or respiratory disease. We matched children with and without asthma (approximately 1:1) for sex, age, urbanization, family income, and index date. Of the children without asthma, only those who did not have a history of dental caries prior to their index date were considered for matching. Children with asthma and children without asthma were followed from the index date until their death, or until the end of the study period (December 31, 2011).

Definition of dental caries {#sec2.3}
---------------------------

Children with dental caries were defined by having ICD-9-CM code of 521.0 and receiving treatment for caries during any clinic visit or hospital admission following the index date. All oral examinations and dental treatments were performed by qualified dentists. The children diagnosed with dental caries were further categorized into three groups according to the severity of their caries---(mild, moderate, and severe dental caries). Mild dental caries was defined as having dental restorations ≤5. Moderate dental caries was defined as having dental restorations 6--20. Severe dental caries was defined as having dental restorations \>20 and/or having any endodontic treatment ([Fig. 1](#fig1){ref-type="fig"}).

Classification of asthma medication {#sec2.4}
-----------------------------------

Asthma medications were categorized into three groups: anti-inflammatory agents (ICS), bronchodilators (LABA, SABA, LAMA, and SAMA), and the combination of both ICS and bronchodilators. Asthma medications were further classified into three types as follows: quick-relief agents (SABA and SAMA), long-term controller medications (LABA, LAMA, and ICS), and combinations (SABA and SAMA) + (LABA, LAMA, and ICS). The caries prevalence and severity were compared between children with and without asthma. The effects of different asthma medications on dental caries were also compared.

Statistical analysis {#sec2.5}
--------------------

SAS software version 9.4 (SAS Institute, Cary, NC, USA.) was used for all statistical analyses. A two-sample t-test (continuous variables) or chi-square test (categorical variables) was performed to compare the demographic information and the prevalence of dental caries between children with and without asthma. The chi-square test was used to investigate the influence of asthma medications on the severity of dental caries. The relative risk of dental caries associated with different asthma medications was estimated by using multivariable Cox regression analyses. The level of significance was a P-value of less than 0.05.

Results {#sec3}
=======

A total of 4601 children with asthma and 4589 children without asthma were included in this study ([Fig. 1](#fig1){ref-type="fig"}). The caries prevalence of children without asthma (n = 4589) was 85.2%, and that of children with asthma (n = 4601) was 90.0%. The caries prevalence of children with asthma was significantly higher than that of children without asthma (P \< 0.001) ([Table 1](#tbl1){ref-type="table"}). The caries status was categorized into mild, moderate and severe dental caries. The results showed that the rate of mild dental caries was higher in the children without asthma (35.1%) than in the children with asthma (29.8%). Regarding severe dental caries, the rate of severe caries was higher in children with asthma (34.3%) than in those without asthma (30.7%), and the difference was significant ([Table 1](#tbl1){ref-type="table"}). Asthma medications were categorized into anti-inflammatory agents, bronchodilators, and a combination of both medications. The caries prevalence of children with asthma using anti-inflammatory agents and bronchodilators (91.3% and 92.9%) was significantly higher than that of children without asthma ([Table 2](#tbl2){ref-type="table"}). There were fewer caries free children among those with asthma using anti-inflammatory agents and bronchodilators (8.7% and 7.1%, respectively) than among children without asthma (14.8%). Regarding severe dental caries, only among children with asthma using bronchodilator had a higher rate of severe dental caries than in children without asthma (39.6% and 30.7%, respectively) ([Table 2](#tbl2){ref-type="table"}). Cox regression analysis indicated a positive correlation of dental caries with asthma medications, especially anti-inflammatory agents and bronchodilators ([Table 3](#tbl3){ref-type="table"}).Table 1Caries status of study population with and without asthma.Table 1Caries statusTotal (n = 9190)Without asthma (n = 4589)With asthma (n = 4601)P-value\*Caries free114112.4%67914.8%46210.0%\<0.001Dental caries804987.6%391085.2%413990.0%\<0.001Severity of dental caries\<0.001 Mild dental caries298332.5%161235.1%137129.8%\<0.001 Moderate caries321735.0%156734.2%165035.9%0.09 Severe caries299032.5%141030.7%158034.3%\<0.001Without severe caries620067.5%317969.3%302165.7%\<0.001[^1]Table 2Caries status of asthma patients according to types of medication.Table 2Caries statusWithout asthma (n = 4589)Anti-inflammatory[a](#tbl2fna){ref-type="table-fn"} (n = 584)Bronchodilator[b](#tbl2fnb){ref-type="table-fn"} (n = 2452)Combination[c](#tbl2fnc){ref-type="table-fn"} (n = 1565)P-value\*Dental caries[d](#tbl2fnd){ref-type="table-fn"}\<0.001 Caries free67914.8%518.7%1757.1%23615.1% Dental caries391085.2%53391.3%227792.9%132984.9%Severe caries[e](#tbl2fne){ref-type="table-fn"}\<0.001 Without severe caries317969.3%39968.3%148160.4%114172.9% Severe caries141030.7%18531.7%97139.6%42427.1%[^2][^3][^4][^5][^6][^7]Table 3Relative risk (RR) for dental caries from asthma medications in logistic regression analysis.Table 3Asthma medicationDental cariesSevere dental cariesRR95% CIP-value\*RR95% CIP-value\*Without asthma1.001.00Anti-inflammatory1.48(1.35,1.63)\<0.0011.48(1.27,1.72)\<0.001Bronchodilators1.25(1.19,1.32)\<0.0011.38(1.27,1.50)\<0.001Combination0.98(0.92,1.04)0.5050.86(0.78,0.96)0.008[^8]

Asthma medications were further classified into quick-relief agents, long-term controllers and combinations of these two medications. Children with asthma taking quick-relief medications and long-term controllers had significantly higher prevalence of caries (92.8% and 89.3%, respectively) than children without asthma ([Table 4](#tbl4){ref-type="table"}). In these three types of medications, children with asthma taking quick-relief agents had significantly higher prevalence of caries than that in children with asthma taking the other two medications (P \< 0.001). In regard to severe dental caries, only children with asthma taking quick-relief agents had a significantly higher rate of severe dental caries than children without asthma ([Table 4](#tbl4){ref-type="table"}).Table 4Caries status of asthma patients according to types of medication.Table 4Caries statusWithout asthma (n = 4589)Quick-relief agents[a](#tbl4fna){ref-type="table-fn"} (n = 2400)Long-term controllers[b](#tbl4fnb){ref-type="table-fn"} (n = 841)Combination[c](#tbl4fnc){ref-type="table-fn"} (n = 1360)P-value\*Dental caries[d](#tbl4fnd){ref-type="table-fn"}\<0.001 Caries free67914.8%1727.2%9010.7%20014.7% Dental caries391085.2%222892.8%75189.3%116085.3%Severe caries[e](#tbl4fne){ref-type="table-fn"}\<0.001 Without severe caries317969.3%145160.5%60171.5%96971.3% Severe caries141030.7%94939.5%24028.5%39128.7%[^9][^10][^11][^12][^13][^14]

Discussion {#sec4}
==========

This study analyzed NHIRD data of children to determine the correlation between dental caries and asthma. The study population included 9190 children aged 0--9 years old. This study is the first to use the NHI database to investigate the correlation between dental caries and asthmatic medication. The advantage of using the NHI database is that a large study population can be included. The results revealed a significant association between asthma and dental caries; furthermore, the use of asthmatic medication affected the prevalence and severity of dental caries.

The caries prevalence of 0--9-year-old children without asthma was 85.2%, and the caries prevalence for children with asthma was 90.0%. The children with asthma had higher caries prevalence than children without asthma, and the difference was statistically significant. These results coincide with those of Samec et al.[@bib7] who reported that Slovenian children with asthma had greater tooth decay. The study by Ryberg et al.[@bib8], [@bib9] also revealed higher caries scores (DFS) in the asthmatic group than in than control group. However, a study of Mexican children[@bib10] reported no significant differences in the prevalence of dental caries among those with (19.9%) and without (17.5%) asthma. Other studies[@bib11], [@bib12], [@bib13], [@bib14] have also described no correlations between asthma and the prevalence of dental caries in children.

The caries prevalence was high in both groups of children in the present study. The overall prevalence of early childhood caries in Taiwan is estimated to be 89% or more.[@bib2] Therefore, in the present study, we further categorized dental caries into mild, moderate and severe caries. The results showed that children without asthma had significant higher rate of mild caries than children with asthma (35.1% vs. 29.8%). And children with asthma had significant higher rate of severe caries than children without asthma (34.3% vs. 30.7%). However in regards to moderate caries there is no significant difference between asthma and non-asthma children. These demonstrated that in asthma children the caries status was more severe and the caries pattern shift from mild to moderate and severe caries compared to non-asthma children. In children without asthma, the caries statue was less severe, and the caries patterns were in mild and moderate group. Therefore, there is no significant difference in moderate caries between asthma and non-asthma children. We further investigated the correlation between the severity of dental caries and the different asthma medications, and found that the severity of dental caries was related to the type of asthma medication.

The relationship between the use of asthma medications and higher caries rates among children with asthma may be due to the administration of β~2-~agonists. Alavaikko et al.[@bib1] indicated that the increased risk of caries in asthma may be due to β~2-~agonists administration, which caused a significantly lower rate of saliva secretion and higher oral microbial bacteria counts.[@bib1], [@bib15], [@bib16], [@bib17]

In 2013, Alaki et al.[@bib18] demonstrated that the use of anti-asthma medications (β~2-~agonists inhalers plus corticosteroids) resulted in higher *lactobacilli* (LB) levels among children with asthma than that in children without asthma, but the difference was not statistically significant. Moreover, our study revealed that the children with asthma taking bronchodilator and quick-relieve agents had a higher rate of caries than the children without asthma. Both bronchodilators and quick-relieve agents contain β~2-~agonists. The use of asthma medications such as β~2-~agonists influences the saliva secretory rate.[@bib15], [@bib16], [@bib17] The children with asthma had a lower secretion rate of whole saliva (decreased 20%) and lower parotid saliva secretion rate (decreased 35%) compared with children without asthma (P \< 0.05).[@bib9] Furthermore, children with asthma treated with β~2-~agonists had a significant decrease in the concentrations of total protein and amylase in the saliva, and *Streptococcus mutans (SM)* values were higher in these children than in children without asthma.[@bib8], [@bib19] Mazzoleni et al. analyzed the saliva of children with asthma receiving β~2~-agonists and reported that their saliva buffer capacity decreased and their SM and LB counts increased compared with the control group.[@bib20]

In our study, the use of quick-relief agents or bronchodilators was associated with a positive correlation of severe dental caries (P \< 0.001). [Table 2](#tbl2){ref-type="table"} showed that 39.6% of children with asthma in the bronchodilator group had severe caries, which was significantly higher than that in children without asthma (30.7%). [Table 4](#tbl4){ref-type="table"} demonstrated that 39.5% of children with asthma in the quick-relief group had severe caries, which was also significantly higher than the children without asthma (30.7%). The asthmatic patients treated with β~2~-adrenoceptor agonists may have reduced salivary secretory rates and increased salivary SM and LB counts, thus resulting in increasing caries susceptibility.

The asthmatic medication for children might be in the form of syrup. Syrup contains sugar or other sugar substitutes for children, which may increase the risk of dental caries. A study by Reddy et al. reported that children with asthma had high prevalence of caries and this prevalence increased with the severity of bronchial asthma.[@bib21] The prevalence of caries was highest in those taking medication in the form of syrup.[@bib21] Further research is needed to elucidate the influence of syrup-type medications for asthmatic children on the caries rate.

Nevertheless, our results indicated that even children without asthma had a prevalence of caries that was higher than 80%. Children with or without asthma should receive regular dental check-ups, fluoride applications, and reinforced oral hygiene care to decrease the prevalence of caries. Additional information, such as brushing habits, sugar consumption habits, and regular fluoride application, requires for further research and to evaluate the influence of asthma on the oral health of children. In conclusion, this study demonstrated that children receiving asthma medications had a higher prevalence of dental caries than that in children without asthma. Asthma medications also affected the severity of dental caries; children with asthma using quick-relief agents and bronchodilators had a higher rate of severe dental caries than children without asthma. These results imply that children with asthma should have more intensive preventive dental health care.
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[^1]: \*Chi-square test.

[^2]: \*Chi-square test.

[^3]: Anti-inflammatory drug: Inhaled corticosteroids (ICS).

[^4]: Bronchodilator agents: Short- or long-acting β~2~ agonists (SABA or LABA, respectively) or short- or long-acting muscarinic receptor agonists (SAMA or LAMA, respectively).

[^5]: Combination: ICS + (LABA, SABA, LAMA, SAMA).

[^6]: Bonferroni test (P-value \< 0.05): Anti-inflammatory vs Without asthma, Bronchodilator vs Without asthma.

[^7]: Bonferroni test (P-value \< 0.05): Bronchodilator vs Without asthma.

[^8]: \*Cox regression.

[^9]: \*Chi-square test.

[^10]: Quick-relief agents: Short-acting β~2~ agonists (SABA), short-acting muscarinic receptor agonists (SAMA).

[^11]: Long-term controllers: Long-acting β~2~ agonists (LABA), long-acting muscarinic receptor agonists (LAMA), and inhaled corticosteroids (ICS).

[^12]: Combination: (SABA and SAMA) + (LABA, LAMA, and ICS).

[^13]: Bonferroni test (P-value \< 0.05): Quick-relief agents vs Without asthma, Long-term controllers vs Without asthma.

[^14]: Bonferroni test (P-value \< 0.05): Quick-relief agents vs Without asthma.
